Abstract The Brundtland Report (WCED, 1987) encouraged the view that the main threats to the environmental sustainability of development are poverty-driven depletion of environmental resources in the developing world, and consumption-driven pollution of the biosphere by the developed world. Recent work on the empirical relationship between per capita GDP growth and certain indicators of environmental quality seems to contradict this view. Some indicators of local air and water quality first worsen and then improve as per capita incomes rise. This paper reconsiders both these findings, and the empirical relation between environmental quality and measures of poverty, consumption and human development. It finds that deepening poverty at one end of the scale and increasing affluence at the other both have implications for the environment.
Introduction
The Brundtland Report (WCED, 1987) advanced the notion that the main threats to environmentally unsustainable development are poverty-driven depletion of environmental resources in the developing world, and consumption-driven pollution of the biosphere by the developed world. By this view, the poor are responsible for degradation of forests, wetlands, rangelands and coastal zones in order to meet their basic needs, while the rich discharge disproportionate quantities of waste as emissions to air and water. The implication is that environmentally sustainable development is threatened by extremes of poverty and affluence alike. More recently, environmental economists have identified an empirical relationship between per capita income and certain indicators of environmental quality that, on the surface at least, seems to tell the opposite story. The relationship was first observed in work undertaken by Grossman and Krueger on the environmental implications of Mexico's inclusion in the North American Free Trade Area (NAFTA) (Grossman and Krueger, 1993) . It showed that certain indicators of environmental quality first deteriorate and then improve as per capita incomes rise: that economic growth is initially associated a deterioration of environmental quality and later an improvement. The relationship was called Journal of Economic Studies 27,1/2 20``t he environmental Kuznets curve'' (EKC) (Panayotou, 1995) after the Kuznets relation between income inequality and per capita income (Kuznets, 1955) .
Subsequently, a relationship of this sort has been found between per capita income and emissions of sulphur dioxide (Grossman and Krueger, 1993; Seldon and Song, 1994; Shafik, 1994; Panayotou, 1995; , particulates and dark matter (Grossman and Krueger, 1993) , nitrogen oxides and carbon monoxide (Seldon and Song, 1994) , carbon dioxide and CFCs (Cole et al., 1997) . Grossman and Krueger (1995) have also found a Kuznets relation involving various indicators of water quality, including faecal coliform, biological and chemical oxygen demand and arsenic. Panayotou (1995) and Antle and Heidebrink (1995) have found the same general relationship between deforestation rates and per capita income, while Cole et al. (1997) have extended it to include energy use and traffic volumes. The evidence does not all run in the same direction. Volumes of municipal waste have been found to be a strictly increasing function of per capita income (Shafik, 1994; Cole et al., 1997) and there are conflicting results on solid particulates (Grossman and Krueger, 1995) and carbon dioxide (Shafik, 1994) . Nevertheless, the broad direction of the evidence to date favours the EKC.
Not only does the existence of the EKC appear to suggest that the postBrundtland view on the environmental consequences of growth are wrong about the effects of poverty and affluence, it also appears to suggest that growth may be environmentally beneficial. While there may be negative environmental effects during the early stages of growth, these will be counteracted by later environmental quality improvements. To the proponents of market-led development strategies, the EKC hypothesis has been interpreted as both a rationale for growth and an argument against growth-inhibiting environmental protection measures (Beckerman, 1992) . This is particularly important for developing countries given the trend towards the liberalisation of both domestic and international markets as a means of stimulating market-led growth. If economic growth does``take care'' of the environment ± if there is some level of per capita income at which growth becomes environmentally sustainable ± the short-term diversion of resources from environmental protection to investment may be welfare-enhancing. For these reasons we need to understand what can and cannot be inferred from the EKC for the development process, and for the wellbeing of people at different levels of consumption. This paper has three aims:
(1) to reconsider the evidence on the EKC in the light of recent assessments; (2) to consider the relationship between environmental quality and alternative measures of performance including consumption, the human development index, and an index of poverty devised for the International Fund for Agricultural Development; (3) to reassess the linkage between sustainability, growth and development in the light of these findings.
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The first aim is therefore to clarify just what relationship has been established between economic growth and environmental change. The second is to consider what the available data tell us about the relationship between development ± as distinct from growth ± and environmental change. The linkages identified by the Brundtland Report and subsequently embodied in the report of the 1992 United Nations Conference on Environment and Development: Agenda 21 (UNCED, 1993) suggest a different relationship between measures of human development, poverty or consumption and environmental quality. The paper tests the hypotheses implicit in the Brundtland Report. The third aim is to draw out the policy implications of the observed relationship between environmental sustainability, economic growth and development.
Growth and the environment: the evidence for the EKC Most studies of the EKC estimate a basic model of the general form
where E it denotes either total or per capita environmental quality in country i and year t; Y it denotes per capita income in country i at time t; C i denotes country specific effects; X it denotes``external'' factors which may include such things as the level of technology, and i and t are country and time indices. This model assumes no feedbacks between the environment and the economy. To test the EKC hypothesis the functional forms employed for estimating the basic model from cross-country data tend to be quadratic in either levels or logarithms. A number of studies involve cross-sectional data only. Some use panel data for a more restricted set of countries, but either way the data are sparse (Stern, 1998) . A summary of the main findings of this research is offered in Barbier (1997) . While an inverted U-shaped relationship between per capita income and a range of air pollution indicators appears to be reasonably robust, the evidence on water pollutants and resource depletion indicators, such as deforestation, is much less clear. In general, the results show that well-defined EKCs exist only for local air pollutants. The relationship between income and environmental quality is dependent on whether there are significant externalities and``stock feedback effects'' ± typically where the environmental effect is cumulative. The kinds of pollutants for which the inverted U relationship has been estimated do not have strong stock feedback effects. They also tend to be very localised. Environmental effects that are more dispersed in time and space (that are global or occur in the far future) tend to increase with income (Arrow et al., 1995) . Where EKCs have been found for emissions that involve distant or longterm effects, such as carbon dioxide, the turning points estimated for such emissions involve such large standard errors that they cannot be considered reliable (Cole et al., 1997) .
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The turning points define the levels of per capita income at which emissions start to fall as incomes rise further. If an EKC does exist, and if the turning point can be identified with confidence, then its location may predict the trend in emissions for countries at different levels of per capita income. At present, estimates of the turning points associated with given pollutants vary widely. Although there is considerable evidence to support the general form of the relationship between sulphur dioxide and per capita income, for example, estimates of the turning points for that pollutant range from $3,000 (Panayotou, 1995) to $10,700 (Seldon and Song, 1994) . The range of estimates for other pollutants is even wider (see Table I ). Even if we take the most optimistic estimate for sulphur dioxide, this indicates that some 90 of the world's low and middle income economies still have a long way to go before we would expect to see any improvement in per capita emissions. Global income distribution is highly skewed, with median per capita income well below the mean. Hence, even though global per capita income may exceed that turning point, emissions will still be increasing in a majority of countries for the foreseeable future (Stern et al., 1996) . A similar story can be told at the national level, urban emissions being expected to fall before national emissions.
Attempts to predict emissions on the basis of the EKC results illustrate just how far there is to go. Stern et al. (1996) predict emissions of sulphur dioxide based on individual country projections. They find that aggregate emissions of sulphur dioxide are expected to rise from 383 million tonnes in 1990 to 1,181 Antle and Heidebrink (1995 ) 823 Panayotou (1995 ) 4,760/5,420 Cropper and Griffiths (1994 Source: Adapted from Barbier (1997) Sustainability, growth and development 23 million tons in 2025. This implies a doubling of per capita emissions. Seldon and Song (1994) similarly predict increasing aggregate emissions of sulphur and carbon monoxide through 2025, and of solid particulates and nitrogen oxides through 2050. While the EKC findings do not themselves imply any causality between economic growth and environmental change, four main causal explanations have been conjectured. These are:
(1) income-related changes in the sectoral composition of economies (Panayotou, 1997; de Bruyn, 1997) ; (2) income related changes in technology (de Bruyn, 1997) ; (3) the link between income and the demand for environmental quality (McConnell, 1997) ; and (4) the impact of environmental constraints to growth (Arrow et al., 1995) .
The first two are quite intuitive. Local air and water quality may be expected to deteriorate in the first stages of industrialisation in countries at the dirty end of the product cycle. Nor is it surprising that local air and water quality should improve with the expansion of the service sector and the relocation of``smokestack industries''. This reflects the nature of industrialisation. Industrial growth in the developing countries is frequently based on highly polluting industries. Developing countries account for a steadily increasing proportion of world output in many of the most highly polluting industries: pulp and paper, iron, steel and non-ferrous metals, petroleum refining and chemical products (Table II) .
This partly reflects the fact that industrial growth in the developing countries depends to a considerable extent on the activities of small and medium-scale enterprises (SMEs). SMEs tend to be concentrated in the most environmentally damaging activities ± chemicals, textiles, leather and fur products, food processing, non-ferrous metal work, charcoal and fuelwood supply. Moreover, although large firms dominate the capital intensive industries like pulp and paper, industrial chemicals, petroleum refineries, and iron and steel, many of the environmentally more harmful tasks and processes are sub-contracted to SMEs. SMEs also tend to rely on older technologies, are difficult to regulate and face fewer incentives not to pollute. As a result, growth based on the encouragement of SMEs tends to increase environmental risks. The problem here is that the disposal of acids, various heavy metals, solvents, cadmium, chromium, inks and dyes, catalysts and oil residues is largely unregulated. Indeed, most hazardous waste is simply dumped in landfills or disposed of in drains, both options resulting in the contamination of surface and ground water (Tolba et al., 1992) . The relative impact of structural and technological factors tends to differ with the time horizon over which the problem is evaluated. Decomposition studies of the explanations for emissions reduction over a relatively short horizon, for example, typically find technological change to be more significant than structural change (de Bruyn, 1997) .
The third explanation considers the link between income and the demand for environmental quality. If environmental quality is in the nature of a luxury good then people will demand higher environmental quality as per capita incomes rise. McConnell (1997) shows that income-related changes in the demand for environmental amenity are neither necessary nor sufficient to generate an EKC, but they are consistent with the EKC. The luxury good hypothesis is not, however, directly testable. Given that environmental quality cannot be bought and sold in markets, changes in demand may be captured only indirectly in changes in technology, policy, regulation and consumption of marketed goods with greater or less environmental impacts.
The last explanation focuses on the nature of the environmental constraints to growth. It is argued that what matters is not the absolute level of per capita emissions or depletion, but aggregate emissions or depletion relative to the assimilative or carrying capacity of the environment (Arrow et al., 1995) . The general policy problem implicit in the EKC is the degree to which pollution and other forms of environmental deterioration can be delinked from consumption growth. If they cannot, then at some point consumption growth will be halted by the environment's limited capacity to absorb the impacts of consumption. The point made by Arrow et al. (1995) is that growth in consumption is constrained by the assimilative or carrying capacity of the environment. Environmental constraints may be relieved by changes in technology, the structure of production or the pattern of consumption. Where environmental constraints are not binding there is little incentive to reduce emissions or the depletion of environmental resources. Where environmental constraints are binding, however, there may be little option but to do so. Moreover, where environmental constraints are binding and the population is growing, there may be little option but to reduce per capita emissions or rates of depletion. At low levels of income, the environmental impacts of consumption may be within the assimilative or carrying capacity of the environment. As income rises, however, the constraints imposed by the environment tighten. human development.
Specifically, it identifies four measures of environmental change and the same number of performance measures.
Indicators of environmental change
The four measures of environmental change reflect qualitatively different impacts of the development process. They comprise:
(1) a measure of water pollution ± lack of access to safe water supplies; (2) a measure of industrial pollution ± emissions of sulphur dioxide (SO 2 ); (3) a measure of the depletion of environmental resources ± deforestation; and (4) a measure of greenhouse gas emissions ± carbon dioxide (CO 2 ).
Of the four environmental indicators selected for analysis, two currently attract most attention in low-income countries. The pollution and depletion of local water supplies is one. Deforestation and the allied problem of desertification is the other. Emissions of SO 2 and CO 2 , being primarily by-products of industrialisation, attract more attention in middle and upper income countries. The problems are, however, all linked. Water pollution and depletion are of concern for many reasons, not least being the immediate effects on human health and productivity. But from an environmental perspective the main significance of water depletion lies in its impact on plant-available moisture and so the structure and productivity of ecological and agro-ecological systems. Because deforestation and desertification affect the hydrological cycle, they are linked with the depletion and pollution of water supplies. Deforestation and desertification are also linked with the carbon cycle both through emissions due to land use change, and through their effect on the capacity of forests to sequestrate carbon.
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The proxy for water pollution used here is the percentage of the total population without access to safe water supplies as reported in both the World Development and Human Development Reports. This indicator is useful in capturing both the quantitative and qualitative aspects of water supplies. The indicator of deforestation used is the percentage change in forest cover during the 1980s. The sources are World Resources Institute (1994) . This indicator is highly sensitive to the environmental reference point ± the proportion of forest cover remaining. The data set is that used by Panayotou (1993; . The indicators of sulphur dioxide and carbon dioxide used here are 1990 per capita kg of SO 2 and CO 2 reported in UNEP (1994) . SO 2 data are government estimates except for Asian country estimates which derive from Kato and Akimoto (1992) . CO 2 data are based on UNSO consumption data for gas, liquid and solid fuels, and cement manufacture (CDIAC, 1992) .
Indicators of economic performance
The first of the performance measures is PPP adjusted income per capita. This provides a direct point of comparison with the EKC literature, and makes it possible to identify and analyse the differences that use of alternative measures implies. The alternative performance measures are:
. a measure of consumption ± private and government consumption per capita;
. a measure of development ± the human development index;
. a measure of poverty ± an IFAD index of rural poverty in the developing countries.
The alternative performance indicators selected all involve some modification to the per capita income. Consumption is measured by the sum of private and general government consumption in 1990 as reported in the Human Development and the World Development Reports (UNDP, 1992; World Bank, 1992) . Private consumption is the market value of goods and services received by households and non-profit organisations, including imputed rents on owneroccupied dwellings. Government consumption is current expenditures on goods and services by national, state, provincial and local governments, but excluding state-owned enterprises. The measure of consumption used accordingly excludes any non-marketed environmental goods and services.
The measure of poverty selected is IFAD's Integrated Poverty Index (IPI) for 114 developing countries. Use of this measure truncates the sample of countries, and this needs to be borne in mind in interpreting the results. The IPI is based on Sen's composite poverty index (Sen, 1976) . It has been adjusted for purposes of this exercise to take values between 0 and 100, and is increasing in poverty. That is, the closer to 100 the more impoverished is the country.
The IPI is calculated by combining a head count index of poverty, the income gap ratio, life expectancy at birth, and the annual rate of growth of per capita GNP. The head count index is simply the percentage of the population Sustainability, growth and development
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below the poverty line. The income gap ratio is the difference between the highest per capita GNP in the sample and the per capita GNP of the country concerned, expressed as a percentage of the former. Life expectancy at birth is included as a proxy for income distribution below the poverty line. Using this measure it is possible to classify countries into three broad groups. An IPI of 40 or more indicates severe poverty; an IPI between 40 and 20 indicates moderate poverty; while an IPI of less than 20 indicates little poverty. The IPI used here was developed on the basis of data for a number of different years, but notionally describes the situation in 1988. Finally, the HDI has been selected as the most general and widely accepted index of development. The version used here is not adjusted for income distribution, and so combines GDP per capita in PPP$; life expectancy at birth; and educational attainment ± the latter measured by a combination of adult literacy and primary, secondary and tertiary education enrolment ratios. Once again, for comparability, the HDI used is for 1990.
Country-specific variables
The country-specific variables selected reflect the stylized facts that lie behind the propositions of the Brundtland Report and Agenda 21. The first of these relate to the role of population growth, rural employment, agriculture and deforestation. The conversion of land to agriculture and the intensification of agriculture in developing countries ± the proximate causes of deforestation and carbon emissions in many developing countries ± are widely argued to be driven by population growth, landlessness, and rural poverty. The IFAD review of the position as it was in the late 1980s is described in Table III . Inspection reveals an obvious linkage between the proportion of the population in agriculture, the level of rural poverty, and the existence of non-farm rural employment opportunities. The country-specific variables evaluated accordingly include population growth; the proportion of the population in the rural areas; and agriculture's share of GDP.
To capture the effect of dependence on world commodity markets the country-specific variables include a measure of the openness of the economy: exports as a proportion of GDP. This is measured by the ratio of the value of exports of goods and services to GDP in 1990 (UNDP, 1992 World Bank, 1992) . Exports of goods and services is the market value of goods and services provided to the rest of the world. It includes the value of merchandise, freight, insurance, travel and other non-factor services, but excludes transfer payments, investment income, interest and labour income. It also excludes transboundary environmental externalities.
The data used in this analysis are described and reported in Appendix 1. The environmental performance indicators are denoted ACH 2 O (safe water), SO 2 (emissions of sulphur), CO 2 (emissions of carbon dioxide), and DEF (deforestation). The economic/social performance indicators are denoted INCOME (real gross domestic product per capita in purchasing power parity terms), CONSUMPTION (per capita consumption), HDI (the human development index) or DHDI (the distribution-adjusted human development Sustainability, growth and development 29 index), and IPI (the integrated poverty index). The country specific variables are denoted POPG (the rate of population growth), RUPOP (rural population as a percentage of total population), AGSHARE (agricultural GDP as a percentage of total GDP), and EXPSHA (exports of goods and non-factor services as a percentage of GDP).
The relationship between environmental change, poverty, consumption and human development Since the aim is to consider the relation between environmental change and these performance measures in comparison with the existing literature it employs the most common approach in the literature so far ± an OLS treatment of cross-sectional data. This means that the results are subject to all the limitations of this approach noted in the existing literature (see, for example, Stern et al., 1996; Stern, 1998) . The estimated results for all models are given in Appendix 2. The results for each of the four environmental indicators are summarised below.
Polluted water supplies (lack of access to clean water supplies) Lack of access to clean water supplies is shown to decline monotonically with growth in income, the HDI and consumption. The best fit is given by linear models including the country-specific variables, population growth and the share of rural population. That is, rapidly growing rural populations are most closely associated with lack of access to safe water. Differences in the coefficients on income, consumption and the HDI show that the latter has the weaker effect, although it is in the same direction as the first two. This reflects the fact that where per capita GDP and educational attainment ± both elements of the HDI ± may be expected to vary directly with lack of access to safe water, the life expectancy element in the HDI will do the opposite. The relationship between access to safe water and the IFAD poverty index, IPI, is less significant. The poverty index involves a truncated sample since it was calculated for low and middle-income countries only. While the IPI model has less explanatory power than the others, it does indicate that lack of access to safe water is an increasing function of poverty. In addition to the IPI, the model includes the effects of population growth and rural population share. Both effects are positive and significant. Population growth is, however, the more important explanator of the two. As with GDP, CONSUMPTION and INCOME, a linear model gives the best fit. The implication is that access to clean water does not involve a Kuznets relation with any of the criteria of human development. While the factors assessed may not explain a great deal of the variation in access to safe water, some models perform better than others.
Sulphur dioxide
Sulphur dioxide emissions have been the most studied pollutant in the EKC literature. It is already well understood that SO 2 bears a Kuznets type relationship with per capita income. It turns out that SO 2 bears the same Journal of Economic Studies 27,1/2 30 relation to consumption. The best fit is offered by a quadratic specification of the model in both cases. As with lack of access to clean water supplies, the consumption model has less explanatory power than the income model. It may be inferred that the inclusion of information on savings/investment improves the explanatory power of the model. This is consistent with the fact that the primary sources of emissions are industrial activities, and especially power generation, ferrous and non-ferrous metals and petrochemicals.
The turning points for income are in the range $7,359-$9,563 while those for consumption are $6,391-$7,239. Given the distribution of income and consumption (see Appendix 1) this puts a country like Portugal at the turning point. It also makes it easy to see how many countries are below the turning point. For all such countries, growth in either income or consumption will be associated with rising per capita sulphur emissions, and hence an increasing burden on the assimilative capacity of the environment.
Although quadratic models are reported for HDI and NHDI, they do not clearly dominate the linear models. That is, although the relationship between sulphur emissions and the two human development indicators is consistent with at least a segment of the inverted U, a linear model performs just as well. One limitation of the sulphur models is that the sample size is smaller than for the other environmental indicators. There are data for about 60 countries for the income and HDI models, and only 43 for the consumption model. Part of the difference in the explanatory power of the models may be due to this. The sample size for the IPI model is only 18. The results from that model have not therefore been reported.
Deforestation
Of all the environmental indicators investigated to date, we have most difficulty in fitting deforestation and income data to quadratic models. Although Panayotou (1995) reports a Kuznets relationship between deforestation and per capita income, the relationship is much weaker than for SO 2 . It is also clear that there is less obvious sense in taking the rate of deforestation as the relevant indicator, since it is so sensitive to the proportion of the forest remaining.
Using the same data set as Panayotou, there is no evidence for a Kuznets relationship when the whole sample is considered. There is some limited support for a Kuznets relationship between deforestation and three measures of performance ± income, consumption, and the HDI ± when only tropical countries are considered. But none of the models has much explanatory power. The turning points ± between $1,888 and $2,816 ± for the two models reported are closer to those estimated by Antle and Heidebrink (1995) than those estimated by Panayotou (1995) . There is no statistically significant relation between the poverty index, IPI, and deforestation. The only country-specific variable that is significant in any of the models is the rural population as a proportion of the total population.
Sustainability, growth and development
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Carbon dioxide Carbon emissions increase monotonically with per capita GDP, consumption and the measures of human development used, and decrease monotonically with poverty. The best fit in all cases is offered by a linear model. In all cases CO 2 emissions increase with the three development measures over the whole income range. This is exactly opposite to the case of water pollution. Water pollution was found to decrease over the whole of the income range. The most significant of the country-specific variables is the share of agriculture in GDP, the coefficients reflecting the fact that CO 2 emissions increase with manufacturing and industrial activity and fall with agricultural activity. The higher the agricultural share in GDP, the lower the share of manufacturing and industrial activities that generate carbon emissions. The results of a model including our index of the openness of the economy, the share of exports in GDP, are also reported though they are not significant in all cases; and do not add much explanatory power to the regressions. In one case ± when the economic performance indicator is consumption ± the openness of the economy does turn out to be significant. Carbon emissions are an increasing function of both consumption and the share of exports in GDP.
Since the poverty model excludes many of the major sources of carbon emissions, it is weaker than the other models. It indicates a negative relation between poverty and carbon emissions that is statistically significant, but not very strong. This reflects the negative correlation between poverty and the industrial and manufacturing activities that are the main sources of carbon emissions. Since the role of land use conversion in generating carbon emissions in low-income countries is dominated by the effect of industrial emissions in middle and high-income countries, it merely weakens the relationship with the IPI.
Discussion
There is little strong evidence in support of the hypothesis that environmental degradation is driven by poverty in the developing world and by overconsumption in the developed world if environmental degradation is proxied by indicators of the type used in the EKC literature. Since an inverted-U shaped relation holds for at least some such environmental indicators and measures of consumption, poverty and human development, as well as for per capita income, there is reason to doubt the Brundtland hypothesis. Measured in per capita terms, some of the environmental impacts of economic activities appear to be least severe at either end of the income range, and most severe in the middle.
It is, however, worth recalling that the results have been developed for single equation models based on cross-sectional data that assume away any feedbacks between environment and economy; and that the measure of environmental quality tends to be a per capita measure of outputs (emissions). In no case is the indicator of environmental quality used a measure of the volume of emissions relative to the assimilative or carrying capacity of the ecosystem concerned. In some cases it is a measure of ambient concentrations, Journal of Economic Studies 27,1/2 32 but this is still unrelated to the carrying or assimilative capacity of the affected system. Recall, in addition, that the EKC is well defined for one environmental indicator only ± sulphur dioxide. There is no EKC for the lack of access to clean water at one end or CO 2 at the other; the best fit in the deforestation models is quadratic, but the models do not have much explanatory power.
Poverty, myopia and parochialism
The most compelling explanation for the differences found in both the shape of the curve relating environmental and development indicators is that the four classes of environmental problem evaluated typically impose costs at very different temporal and spatial scales. The lack of access to clean water imposes costs that are immediate and very local in their effect. People who do not have access to clean water suffer an increased incidence in a range of gastrointestinal and skin diseases. Infant mortality tends to be much higher, and life expectancy is much lower. Productivity, and hence consumption, are also much lower. Put another way, the pollution of local water supplies reduces the quality of life of the people who use those supplies as they use it. Emissions of SO 2 , by contrast, have more diffuse effects. In Europe, for example, acidic deposition due to SO 2 emissions is recognised to be a European-wide problem. Emissions from thermal power generating plants in the UK, for instance, lead to``acid rain'' in Scandinavia, Germany, Poland, the Czech Republic and other countries. Nor are the effects as immediate. Increasing acidification of soils and water reduces their productivity ± eventually. Acidic deposition on buildings increases the rate at which stone and metal corrodes, and so reduces their working life. Both impose very real costs on society, but the costs are delayed.
Deforestation and CO 2 emissions are at the other end of the spectrum from pollution of local water supplies. They are linked in the sense that land conversion (the burning of forests) is one source of CO 2 . But they are also linked in that both involve long-term global effects. Deforestation is recognised to be a major factor in biodiversity loss. The destruction of habitats in areas of high species richness and high levels of endemism is the main proximate cause of species extinctions (Heywood, 1995) . All of humanity loses from the loss of information and the evolutionary potential which that implies (Perrings et al., 1995) . Similarly, CO 2 is the main proximate cause of global climate change. Climate change is a process fraught with uncertainty, but is expected to impose very significant adjustment costs on societies and ecosystems alike across the globe (see Bruce et al., 1996) . Of course, deforestation has other more localised effects. It involves loss of watershed protection and hence increased soil erosion and siltation of rivers and reservoirs. But these effects are still imposed on people other than those engaged in land conversion.
People are more concerned about the short-term environmental impacts of economic activity in their own neighbourhood than they are about long-term impacts occurring at geographically distant locations. The measure of their concern for the wellbeing of future generations or those who live far away ± the rate at which they discount future and distant costs ± appears to be a function Sustainability, growth and development
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of per capita income. That is, the rate at which people discount the wider and future environmental costs of their actions appears to fall with income. Poverty induces people to behave as if they are myopic, while affluence allows people the luxury of``caring'' more about both future generations and distant members of the present generation. The common intuition behind this is straightforward. If people are impoverished by the imposition of charges for environmental resources, they will focus their attention on``free'' or open access resources, and their decisions will become increasingly myopic. The economic intuition is equally plain. A change in the relative prices involves both substitution and income effects. For the poor, the income effects of price changes tend to be very strong. They may also be perverse. An increase in the price of a resource reduces the real income of the user. For a large class of resources (inferior goods) a reduction in the real income of users induces an increased demand for the resource. In the extreme case (Giffen goods) an increase in the price of the good induces people to buy more of that good. The existence of Giffen goods is evidence of a form of poverty trap.
One implication of this is that where income effects come close to dominating substitution effects, as is likely for many marginal environmental resources, there is a real risk that market-based incentives may not work or may work in the``wrong'' direction. Price changes that cause farmer incomes to fall are a case in point. If farmers increase output to compensate for the reduction in their income, the environmental consequences of the price change may be perverse. Put another way, the effectiveness of economic incentives designed to assure the environmentally sustainable use of resources in developing countries will be weakened by any policy that deepens and widens poverty in those countries.
More generally, the Brundtland perception of the relationship between poverty, affluence and the environment has been illuminated by the hunt for a Kuznets relationship between per capita income and environmental quality. The EKC studies have shown that deepening poverty at one end of the scale, and increasing affluence at the other, both have implications for the environment. But these implications are different. Deepening poverty is associated with environmental effects that tend to have immediate and local implications for the health and welfare of the communities concerned. Increasing affluence is associated with environmental effects which are much more widespread and much longer-lasting.
In the light of this, we might ask what is learned by looking at the relationship between environmental indicators and other measures of economic and social performance. Except in the case of lack of access to safe water supplies, both consumption and the two variants of the HDI have less explanatory power than GDP per capita. In all cases, however, the difference in the explanatory power of the income and consumption models is marginal. The results of the models for the two variants of the HDI ± the HDI and the income distribution-adjusted HDI ± show that addition of an implicit distribution variable slightly improves the explanatory power of the models for sulphur, Journal of Economic Studies 27,1/2 34 carbon and deforestation (bearing in mind the weakness of the latter model). On the other hand, it slightly worsens the explanatory power of the model for access to safe water.
The only substantial difference is between the models using alternative development indicators and the models using the IPI. This measure of performance turns out to have much weaker explanatory power than the others. Poverty is not as good a predictor of environmental quality as the other measures of performance. The poverty data set is, of course, truncated, but even if the same sample of countries is used in the models for the other performance indicators, the poverty models have least explanatory power. This is true even for lack of access to safe water, which we might expect to be closely correlated with an index that includes the proportion of the rural population below the poverty line. Bearing in mind, however, that the environmental indicators tested are associated with particular patterns of consumption or particular productive activities, all this indicates is that the IPI is a weaker predictor of consumption or production activities in low and middle income countries than the other performance measures.
Environmental sustainability, growth and development Arrow et al. (1995) argue that the interesting question about the link between growth, development and the environment is not whether economic growth does have environmental consequences. It is whether its environmental consequences threaten the resilience of the ecological systems on which economic activities depend. To answer that question requires more than an index of the level of pollution or depletion, it requires an index of the level of pollution or depletion relative to the assimilative or carrying capacity of the ecological system concerned. The EKC is evidence that environmental improvements have occurred in some cases. It is not evidence either that they will occur in all cases, or that they will occur in time to avert the potentially irreversible environmental effects of economic or human development.
The central point made by Arrow et al. (1995) is that reductions in the emission of pollutants has, in almost every case, been induced by regulation or policy to satisfy some environmental constraint. The explanation is simple. The environmental effects of production or consumption are mediated by the market in only a few cases. In the vast majority of cases, these effects are external to the market and so are not registered in the transactions between consumers and producers. This may be because of ignorance or uncertainty about the nature and extent of the environmental effects of consumption; because consumers are``authorised'' to ignore the effects of their actions on others by the structure of rights in a society; or because the environment concerned is in the nature of a public good ± of benefit to all but the responsibility of none. Where market prices are unable to signal convergence on some environmental constraint, adjustments tend to be made in the political arena as a belated response to evidence of environmental degradation.
Historically, environmental improvement has followed specific institutional reforms, environmental legislation and market-based incentives designed to internalise harmful external effects. It has also been limited to cases where societies have a direct incentive to internalise the environmental costs of their own activity. Where the environmental costs of economic activity have been borne by the poor, by future generations, or by people in other countries, the incentive to address environmental questions has been much weaker.
Two observations follow. First, the assumption implicit in the basic model that there are no feedback effects from the environment to the economy is unhelpful. There are no market prices attaching to environmental effects, but the development of environmental laws and regulations responds to evidence of the consequences of environmental change. In terms of the econometrics of the problem, estimation of single equation relationships where there are feedback effects necessarily introduces biases, and may result in inconsistent estimates (Stern et al., 1996; Stern, 1998) . Moreover, the interpretation given to the inverted-U shaped relation that countries can grow out of environmental problems without appropriate environmental policies is misleading.
Second, the severity of the environmental consequences of economic activity at different levels of income is sensitive to the nature and effectiveness of environmental policy. Panayotou (1997) uses a panel of data from 30 developed and developing countries over the period 1982-1994 to test the sensitivity of the relationship between sulphur dioxide emissions, GDP per capita, a set of country effects including the rate of growth, the sectoral structure of the economy, and its population density together with a policy variable ± the enforcement of contracts. He concludes that the effectiveness of policy can help to flatten the EKC, or to lower the turning point. He notes that where there are environmental thresholds this can contribute to the sustainability of growth by preventing the economy from overshooting those thresholds. This last point is important. If there are significant irreversibilities, or effects are very expensive to reverse, future increases in current national income may offer no protection against environmental degradation. Effects in this category include national environmental issues such as soil erosion, depletion of ground water reservoirs, and desertification. They also include global issues such as climate change and biodiversity loss. Arrow et al. (1995) conclude that economic growth is not a panacea for improving environmental quality. They emphasise, however, that this is not an argument against economic growth per se, but against the presumption that growth will automatically resolve the problem of environmental degradation; and that growth is automatically environmentally sustainable.
The environmental consequences of economic activity are usually quite specific to the nature of the activity, and the type of economic activity tends to be correlated with income. It is not at all surprising, therefore, that the distribution of environmental effects associated with given activities may be mapped into the income range associated with those activities. The optimistic conclusion drawn from this by at least some ± that economic growth will``take Journal of Economic Studies 27,1/2 36 care'' of the environment ± is, however, unwarranted. The environmental consequences of economic growth may be expected to change as the activities supporting growth changes. Each new wave of activities will have its own set of effects. There is not much that can be said about general trends, except that results of the EKC studies lend some support to the view that more affluent societies will avoid activities with significant local or short-term effects. Hence the environmental consequences of growth in higher income countries will tend to be displaced on to others ± either geographically distant members of the present generation or members of future generations. 
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Lack of safe water
The data set consists of observations on percentage of population with access to safe water (ACH 2 O) on 123 countries for 1990. However, the size of the sample in each regression depends on the number of observations of the independent variables that are available (see Tables for  details) . To obtain a measure of``lack of safe water'' (LACKW), the data are transformed in the following way: LACKW = 100 ± ACH 2 O. Note that there are several countries in the sample with 100 per cent access to safe water in terms of population. This means that LACKW = 0 for such countries. To be able to take the logarithm of LACKW without having to reject any observation, we define LNLACKW as LOG(1 + LACKW).
The best fit models are linear. Model 1(a) does not include country specific variables. LNLACKW is regressed on a constant term and the logarithm of per capita GDP (INCOME). Access to safe water increases with income. Model 1(b) adds the logarithm of population growth (POPG) and the logarithm of rural population's share of total population (RUPOP) to the set of independent variables. This seems to suggest that, income level given, rapidly growing populations and populations that do not gather on urban concentrations will find it more difficult to provide access to safe water to all their components. The coefficients are individually and jointly significant. 
Sulphur emissions
Testing for heteroscedasticity fails to reject the null hypothesis of spherical disturbances for all our regressions. As regards country-specific factors, RUPOP proves to be the only significant variable. Models are numbered in the same way as the previous section. In general, the best fit is given by a quadratic function in CONSUMPTION and INCOME. We do not take IPI into account as the sample is reduced to only 17 countries. The best fit for HDI and DHDI may be linear. On the basis of the OLS t statistics in Ta#ble 2.4 DHDI 2 and RUPOP are not significant. However, the sample size has been reduced considerably and, even though the B-P chi-squared statistics are not above critical values, they are close. White's heteroscedasticity consistent standard errors are much larger than the OLS standard errors and so estimated t values are much larger than those obtained by OLS.The RUPOP regressor is significant, whereas the DHDI 2 regressor's statistic improves but not enough as to consider it significant at any sensible level.
Tables also report turning points for quadratic forms. As regards INCOME, the turning point is close to 8,000PPP$. The sample ranges from 659 to 21,450 PPP$. For CONSUMPTION the turning point is in the neighbourhood of 6,500 PPP$. The sample ranges from 1,111 to 18,231PPP$ and, again, countries such as Portugal would be at the inflexion point. For HDI and DHDI the quadratic form is not significant. 
